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In this preliminary report, we provide a single example of a high-power tetrode model and its use in a simple radio-frequency amplifier circuit. Within the next few months, we intend to produce a more exhaustive report that will provide a detailed explanation of the purpose of specific model elements, simulation of a variety of vacuum triodes and tetrodes, and additional circuit applications for these models. 
Introduction

Several members of our rf technology group are involved in the design and construction of high-power 2.8 MHz and 5.6 MHz rf buncher amplifiers'. We are also designing a new (tetrode) version of an existing modulator that drives the mod-anode on the LANSCE2 805 MHz klystrons. Such projects benefit from electronic simulations on SPICE or similar software. The familiar linear models of vacuum tube circuits are not sufficient for our requirements. Therefore, we have developed several models of triodes and tetrodes which are capable of simulating highly nonlinear operation. These circuit models operate under Spectrum Software's Microcap IV3 application, which is based on UC Berkeley SPICE2G.
We have had requests for a description of this work, and plan to prepare a detailed report. Because that document will not be available in the short term, we are providing this brief preliminary report on a more timely basis.
' The buncher amplifier upgrade project is led by John Lyles, LANSCE-5, Los Alamos National Some elements (diodes 'Da', the 1 M L R resistors) were introduced to ensure appropriate operation in 'cuttoff' regions. Other elements (such as 'leaky' diode 'Dr') were required for stable operation of MC4. The diode .MODEL statements and the .DEFINE statements for the function current sources (Igl, Ia, Ig2) appear on the following page.
D# Gi
The three generators used to simulate grid and anode currents are MC4 function sources. The particular .DEFINE statements that describe each of the function sources @a, Ig2, and Igl) are listed below. The desired nonlinearities are arbitrarily introduced as factors in the .DEFINE statements for anode, screen grid, and control grid perveance (Kp, K2, and Kl).
The quantities Mup and Mus are, respectively, the p's associated with anode and screen grid.
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Fipure 2. Tetrode interelectrode capacitances. The tie-points represent the tetrode anode (A), control grid (Gl), screen grid (G2) and cathode (K). Later (see Fig. 6 ), a 1 nS2 current-monitoring resistor w i l l be connected between the anode (A) and the interelectrode capacitances.
On the following page, see simulated anode current characteristics and curves derived from manufacturer's published data. In Figure 3 , note that the fit is better at higher anode currents than at operating points near cutoff. The region where greatest accuracy is required is taken into consideration as the model is being developed. (Refer to circuits shown in figs. 6 and 7.)
Summary
We have described the nonlinear simulation of a TH 537 tetrode in an rf amplifier. The circuit analysis described in this report was performed using MicroCap IV8 on a Power Computing 'Power Tower Pro 2250' computer, using Macintosh0 operating system 7.6. On a benchmark MC4 file, this computer operates about 15 times faster than a Macintosh0 Quadra 950. Increased speed on the Power Tower Pro 2250 (or an equivalent machine) is significant, because typical amplifier transient simulations required almost an hour of Quadra 950 time. The MicroCap software is also available for personal computers using Windows@ operating systems. Spectrum Software may be consulted for details.
It is not our purpose to present this particular topology as the most appropriate for vacuum tetrodes, or as optimum for the TH 537. We have, in fact, used several circuit models to simulate this particular tetrode. The model used depend upon the circuit requirements; in a specific circuit, one tetrode model will typically run with greater stability than another.
Some models that perform well in d.c. analysis (where characteristic curves are generated as the model is under development) will not run in transient analysis once the completed tube model is 'plugged into' a simple pulsed or rf circuit. Pivot errors are not uncommon. The particular tetrode model presented here meets our current needs for a specific rf amplifier application; other design problems may require a model with different features.
In a future report, we plan to provide details on how a variety of triode and tetrode vacuum tubes may be simulated for nonlinear operation. We intend to provide several examples of circuits which use these models. 
